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Cardiovascular disease mortality based on verbal autopsy in low- and

middle-income countries: a systematic review

Ajay Acharya,? Hafizur Rahman Chowdhury,” Zulfikar hyauddin,? Pasyodun Koralage Buddhika Mahesh? &
Tim Adair

Objective To conduct a systematic review of verbal autopsy studies in low- and middle-income countries to estimate the fraction of deaths
due to cardiovascular disease.

Method We searched MEDLINE®, Embase® and Scopus databases for verbal autopsy studies in low- and middle-income countries that
reported deaths from cardiovascular disease. Two reviewers screened the studies, extracted data and assessed study quality. We calculated
cause-specific mortality fractions for cardiovascular disease for each study, both overall and according to age, sex, geographical location
and type of cardiovascular disease.

Findings We identified 42 studies for inclusion in the review. Overall, the cardiovascular disease cause-specific mortality fractions for people
aged 15 years and above was 22.9%. This fraction was generally higher for males (24.7%) than females (20.9%), but the pattern varied across
World Health Organization regions. The highest cardiovascular disease mortality fraction was reported in the Western Pacific Region (26.3%),
followed by the South-East Asia Region (24.1%) and the African Region (12.7%). The cardiovascular disease mortality fraction was higher
in urban than rural populations in all regions, except the South-East Asia Region. The mortality fraction for ischaemic heart disease (12.3%)
was higher than that for stroke (8.7%). Overall, 69.4% of cardiovascular disease deaths were reported in people aged 65 years and above.

Conclusion The burden of cardiovascular disease deaths outside health-care settings in low- and middle-income countries is substantial.
Increasing coverage of verbal autopsies in these countries could help fill gaps in cardiovascular disease mortality data and improve monitoring
of national, regional and global health goals.

Abstracts in L5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Cardiovascular disease is the largest cause of death due to non-
communicable disease globally. Data from the Global Burden
of Disease (GBD) indicate that cardiovascular disease caused
18.5 million deaths worldwide in 2019, which corresponded
to about 44% of all noncommunicable disease deaths.' These
deaths occurred predominantly in people aged 70 years and
older and were mainly due to ischaemic heart disease or stroke,
for which the main preventable risk factors are high blood
pressure, high blood sugar and cholesterol levels, obesity,
air pollution, tobacco and poor diet.'”* Reportedly, 57% of
premature deaths due to cardiovascular diseases in 2019 oc-
curred in low- and middle-income countries, many of which
are progressing through the epidemiological transition, and
are experiencing a decline in infectious disease mortality along
with a concurrent growth in cardiovascular disease mortality."?
Hence, one target of the sustainable development goals is to
reduce premature cardiovascular disease deaths by one third
of the level recorded in 2015.*

In many low- and middle-income countries, however,
the burden of cardiovascular disease mortality is unclear
because civil registration and vital statistics systems are poor,
and because accurate data on the cause of death is mostly un-
available outside health-care settings.”” As a result, estimates
of the cause of death in these countries have relied heavily on
the modelling of data from the World Health Organization
(WHO) and GBD studies. Furthermore, as the data available
on cardiovascular disease mortality are limited, these esti-

mates have wide uncertainty intervals. Moreover, the actual
prevalence may have been underestimated and, consequently,
understanding of the burden of cardiovascular disease in many
populations may be inadequate.”

Verbal autopsy is the recommended method for provid-
ing routine information on the cause of death in low- and
middle-income countries with low-quality or non-existent
civil registration and vital statistics systems, and low cover-
age of medical certification of the cause of death.® The prime
objective of verbal autopsy is to provide population estimates
of the fraction of deaths due to different causes in places where
a high proportion of people die at home.’ Health and Demo-
graphic Surveillance System sites and epidemiological research
have used verbal autopsy methods for over 50 years and these
methods are increasingly being used as part of routine surveil-
lance by civil registration and vital statistics systems.>'® In a
verbal autopsy, an interviewer collects information on signs
and symptoms and on any health care sought during the illness
thatled to a person’s death, by questioning a close relative of the
deceased person using a standardized questionnaire.” The most
likely cause of death is assigned on the basis of the information
collected either by physician-certified verbal autopsy, where
at least two physicians review the information and disagree-
ment is resolved by consensus or by a third physician, or by
computer-coded verbal autopsy, which uses data-driven algo-
rithms or diagnostic criteria developed by experts.!! The use
of verbal autopsy varies within regions and across countries.
In 2022, a report by WHO’s verbal autopsy reference group
revealed that the method had been implemented in several
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Box 1.Search strategies, systematic review of verbal autopsies in low- and middle-

income countries, 1992-2022

Medline (Ovid)

(Records retrieved: 176 on 6 September 2020 and 194 on 8 February 2022)

#1. verbal autops*.mp.
#2. stroke*.mp.

#3. cardio*.mp.

#4. cardia*.mp
#5.isch?em*.mp.

#6. coronary.mp.
#7.angina.mp.

#8. ventric*.mp.

#9. myocard*.mp.
#10. cerebrovasc*.mp.
#11. heart*.mp.

#12. hypertensi*.mp.

#13 (#2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12)

#1 AND #13
Embase

(Records retrieved: 273 on 6 September 2020 and 306 on 8 February 2022)

#1. verbal autops*.mp.
#2. stroke*.mp.

#3. cardio*.mp.

#4. cardia*.mp

#5. isch?em*.mp.

#6. coronary.mp.
#7.angina.mp.

#8. ventric*.mp.

#9. myocard*.mp.
#10. cerebrovasc*.mp.
#11. heart*.mp.

#12. hypertensi*.mp.

#13 (stroke* or cardio* or cardia* or isch?em* or coronary or angina or ventric* or myocard* or

cerebrovasc* or heart* or hypertensi*).mp.
#1 AND #13

Scopus

(Records retrieved: 227 on 6 September 2020 and 248 on 8 February 2022)

#1 (TITLE-ABS-KEY (“verbal autops*”))

#2 (TITLE-ABS-KEY (“stroke*” or cardio* or cardia® or isch?em* or coronary or angina or ventric*
or myocard® or cerebrovasc* or heart* or hypertensi*))

#1AND #2

low- and middle-income countries, the
majority of which were in sub-Saharan
Africa and South Asia.” As many coun-
tries in these regions do not have ad-
equate death registration systems, verbal
autopsies often provide the only source
of information on mortality and the
cause of death.»'” In contrast, countries
and regions with good civil registration
and vital statistics systems, such as the
Americas, Australasia and Europe, rely
less on verbal autopsy.®

Systematic reviews of mortality
due to specific causes based on verbal
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autopsy studies are sparse. The aims of
our systematic review of verbal autop-
sy studies were to estimate the fraction
of deaths in low- and middle-income
countries caused by cardiovascular
disease and to describe how this frac-
tion varies by age, sex, geographical
location and type of cardiovascular
disease.

Methods

All cross-sectional and surveillance
studies (e.g. prospective monitoring
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studies from Health and Demographic
Surveillance System sites) that reported
deaths from cardiovascular diseases as
ascertained by verbal autopsy in low-
and middle-income countries were
eligible for inclusion in the systematic
review. We excluded: (i) studies con-
ducted in specific groups (e.g. infants,
females or stroke survivors); (ii) stud-
ies on validity, reliability or feasibility;
(iii) pilot studies; (iv) maternal mortal-
ity and stillbirth studies; and (v) studies
in which the study period overlapped
with another study in the same country.
Full details of all inclusion and exclu-
sion criteria are available from the data
repository.’> We used Preferred Re-
porting Items for Systematic Reviews
and Meta-Analyses checklists for this
systematic review, and we developed
the protocol and published it in the
International Prospective Register of
Systematic Reviews.'>"

Search strategy

The search strategy was devised with the
support of a University of Melbourne
librarian. We converted the research
question into the PICO (i.e. population,
intervention, comparator and outcome)
format to identify keywords."” Then, we
used Cochrane Library and PubMed
medical subject heading (MeSH) on-
demand tools to identify alternative
terms for the keywords. We searched
MEDLINE?, Embase® and Scopus data-
bases from their inception to 6 Septem-
ber 2020. A separate search strategy was
developed for each database (Box 1).
The search was repeated on 8 February
2022 to identify new articles, and we
included additional studies suggested
by experts.

Study selection and data
extraction

We used Covidence software (Covi-
dence, Melbourne, Australia) to remove
duplicate studies and manage the sys-
tematic review. Two reviewers screened
titles and abstracts independently, with
a third reviewer resolving any conflicts.
After the full-text review, a data extrac-
tion form was developed and pre-tested
on the first five studies identified by each
of the two reviewers independently.
After comparing the pre-testing results,
the form was revised on the basis of con-
sensus findings. Then, the two review-
ers independently extracted data from
all studies eligible for inclusion in the
systematic review. Their findings were
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compared and any discrepancies were
resolved by consensus and with the help
of a third reviewer.

From eligible studies, we extracted
data on: (i) the study location; (ii) the
study period; (iii) the type of study;
(iv) the method of sample selection;
(v) the verbal autopsy method used to
ascertain the cause of death; (vi) wheth-
er the questionnaire was translated;
(vii) the recall period for the interview;
(viii) the characteristics of data collec-
tors; (ix) the response rate; (x) the total
number of verbal autopsy interviews;
(xi) the number of deaths due to car-
diovascular disease, stroke, ischaemic
heart disease, and another or unspeci-
fied cardiac disease; (xii) whether deaths
were reported by sex or age group; and
(xiii) study limitations.

Risk of bias

We assessed both the external and in-
ternal validity of each study included,
and data quality was assessed from three
broad perspectives using a pre-tested,
risk-of-bias assessment tool: (i) selec-
tion of study population; (ii) non-
response bias; and (iii) measurement
bias.'® We used six original items from
the checklist of this tool (items 1 to
6) and four modified items from the
checklist (items 7 to 10) based on our re-
search questions. The resulting 10 items
used to assess study bias were: (i) how
well the study sample represented the
national population; (ii) how well the
study sampling frame corresponded to
the target population; (iii) the sample
selection process; (iv) the response rate;
(v) case definitions; (vi) use of a vali-
dated questionnaire; (vii) the method
used to ascertain the cause of death;
(viii) the recall period; (ix) translation of
the assessment tools; and (x) training of
data collectors. Each item was assessed
as having a high or low risk of bias and,
in general, an item was categorized as
high risk if the study provided unclear or
insufficient information. No study was
excluded from the review on the basis
of its quality. Two reviewers conducted
independent risk-of-bias assessments.
Thereafter, their findings were compared
and any discrepancies were resolved by
consensus and with the help of a third
reviewer.

Summary measures

Low- and middle-income countries
were identified using the World Bank’s
classification for 2019 to 2020.!7 Car-
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Fig. 1. Study selection, systematic review of verbal autopsies in low- and middle-

income countries, 1992-2022

749 records identified:
« 194 from MEDLINE®;
- 306 from Embase®;
« 248 from Scopus; and
- 1from other sources

>
\

338 titles and abstracts reviewed

e
\

157 full-text articles assessed

\/

42 studies included in review

diovascular diseases were defined using
WHO’s 2016 verbal autopsy list and the
International statistical classification of
diseases and related health problems,
10th revision.>'® The total number of
cardiovascular disease deaths was calcu-
lated by summing the numbers of deaths
from stroke, ischaemic heart disease and
other cardiac diseases. The same method
was used to calculate cardiovascular
disease deaths by sex and age. We used
consistent age ranges for all studies to
derive age-based distributions. Data are
presented as numbers and percentages.

The cause-specific mortality frac-
tion (hereafter mortality fraction) was
used to quantify the percentage of deaths
in a population due to a particular cause.
For each study, we calculated separate
mortality fractions for all cardiovascular
diseases, stroke, ischaemic heart disease
and other cardiac diseases in individuals
aged 15 years and above. For different
age groups, the cardiovascular disease
cause-specific mortality fraction was
calculated as the total number of car-
diovascular disease deaths in that age
group divided by the total number of
deaths reported by verbal autopsy in
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411 duplicates removed

181 records excluded

115 records excluded:

« 21 studies conducted in a specific population group;

« 19 validity, reliability, feasibility or pilot studies;

« 18 studies reported other sources of cause-of-death
data;

« 22 studies had the same data source as, or the study
period overlapped with, another study in the same
country;

« 15 studies not peer-reviewed;

« 7 studies had inappropriate study design;

« 6 studies full text not available;

« 5studies had missing data;

- 1study did not report cardiovascular disease deaths;
and

« 1study could not calculate cardiovascular disease
deaths

the same age group. We also calculated
mortality fractions for these conditions
for each sex. Low- and middle-income
countries were grouped together into
WHO regions. To calculate regional
mortality fractions, we added all car-
diovascular disease deaths and verbal
autopsy deaths, respectively, reported
by countries in the same WHO region.
Regional mortality fractions for stroke,
ischaemic heart disease and other car-
diac diseases were calculated using the
same method.

Results

In total, 749 studies were identified from
the database search and experts’ sugges-
tions. After 411 duplicate publications
were removed, the titles and abstracts
of 338 studies were screened, 157 stud-
ies underwent full-text review and 42
were finally included in the systematic
review (Fig. 1).

Study characteristics

The verbal autopsy data collection
period of the studies included in the
review ranged from 1992 to 2020
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European Region (n=1)

Akgin et al., 2012%

ND ND

456 ND

1089 633

Cross-sectional

Urban and rural 2002-2004

Tarkiye

ND: not determined.

¢ We grouped studies by World Health Organization region.

® For some studies, the total number of participants does not equal the sum of male and female participants because of rounding or reporting errors.
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(Table 1).°*°® More than half the stud-
ies (24/42) were published between
2000 and 2015'19,21,23,26,28—30,32,34,36,37,41—
44,46,47,49,51,54-56,59,60 Studles came from 20
low- and middle-income countries, and
covered all WHO regions except for
the Region of the Americas. Twenty-
two studies were conducted in the
African Region,””* compared with
13 in the South-East Asia Region,* >
five in the Western Pacific Region,***
one in the Eastern Mediterranean
Region,” and one in the European
Region.®® More than three quarters of
the studies (32/42) were surveillance
Studiesl19,21724,26,28744,48752,54,55,57,58 Of 39
studies that recorded the study set-
ting,!9-3941755575960 18 covered rural pop-
ulations’26,28,30,32,34,35,37,39,41744,48750,52,53,55 SiX
covered urban populations,??>6:47:3159
and 15 covered both rural and ur-
ban populations at the country lev-
el.19,21),22—24,27,29,31,33,36,38,45,54,57,6() The number
of verbal autopsy deaths reported across
all ages ranged between studies from
515 to 22535, and 20 studies report-
ed deaths by SeX'19,23,26,28,31,33,35,42744,47,48,507
52547565860 Thirty-two studies reported
the number of verbal autopsy deaths
in people aged 15 years and above; this
number ranged from 300 to 472 113.%5%

Cardiovascular disease mortality
fraction

In total, the 42 studies recorded 129 482
deaths due to cardiovascular disease in
individuals aged 15 years and above
(Table 2). At the country level, the
cardiovascular disease mortality frac-
tion in people aged 15 years or older
ranged from 5.5% in Zambia and the
United Republic of Tanzania to 63.7%
in Pakistan.”®*** In just over half the
studies (22/42), the cause of death was
ascertained by physicians; 2427313336
38,40,41,43,45,49-52,54-56,60 1n 15 Studles, Carle'
vascular disease deaths were ascertained
using InterVA (Umed Centre for Global
Health Research, Umed, Sweden) or
SmartVA (Institute for Health Metrics
and Evaluation, Seattle, USA) soft-
Ware.19,21,23,25,2(),32,34,35,39,42,44,48,53,57,58

Opverall, the cardiovascular disease
mortality fraction was 21.3% across all
age groups and 22.9% in people aged
15 years or older (Table 2). By WHO
region, the cardiovascular disease mor-
tality fraction in people aged 15 years
or older was 26.3% in the Western
Pacific Region; 24.1% in the South-East
Asia Region; and 12.7% in the African
Region.
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Fourteen studies reported
both cardiovascular disease deaths
by sex and verbal autopsy deaths in
people aged 15 years or older (Ta-
ble 2).20,24,26,29,31,32,34,36,40,45,46,49,52,56 OVerall,
the cardiovascular disease mortality
fraction was higher in males than fe-
males: 24.7% versus 20.9%, respectively
(Table 3). Although the pattern was
similar in the South-East Asia Region,
the cardiovascular disease mortality
fraction was higher in females than
males in the African and Western Pa-
cific Regions.

Study setting

Sixteen studies reported the number
of verbal autopsy deaths and the num-
ber of cardiovascular disease deaths
in people aged 15 years or older by
rural or urban residence: 13 were
performed in rural areas and three
were performed in urban areas (Ta-
ble 4).25,2(\,28,3(),32,34,35,41,42,44,46—50,52 OVeI’aH,
the cardiovascular disease mortality
fraction was higher in urban than in
rural settings: 25.6% versus19.4%,
respectively. In the African Region,
the cardiovascular disease mortality
fraction was higher in urban than rural
populations (22.2% versus 10.5%, re-
spectively), whereas in the South-East
Asia Region it was higher in rural than
urban populations (32.1% versus 26.1%,
respectively).

Differences by age

Seven studies reported cardiovascular
disease deaths in the age groups 15 to
49 years, 50 to 64 years and 65 years
or older (Table 5),1926:28:343542.44 Tpy thege
studies, 69.4% of cardiovascular dis-
ease deaths were reported in people
aged 65 years or older, and 20.2% were
reported in people aged 50 to 64 years.

Six studies reported cardiovascular
disease deaths in the age groups 15
to 59 years and 60 years or older (Ta-
ble 6).233341:49505¢ Among these studies,
80.5% of cardiovascular disease deaths
were reported in people aged 60 years
or older.

Type of cardiovascular disease

Overall in people aged 15 years or older,
the mortality fraction for ischaemic
heart disease (12.3%) was higher than
that for stroke (8.7%) and for other
or unspecified heart disease (1.5%;
Table 7). The pattern was similar in the
South-East Asia Region. In the African
Region, however, the mortality fraction
for stroke (4.2%) was higher than that
for ischaemic heart disease (0.8%).

Risk of bias

The findings of the risk-of-bias assess-
ments in the 42 studies are shown in
Fig. 2. Overall, 83% (35/42) of studies
had poorly reported or unclear infor-
mation on how representative the study
target population was of the national
population. Moreover, 76% (32/42)
of studies did not report whether the
verbal autopsy questionnaire had been
translated into a local language. Infor-
mation on whether the recall period
between the person’s death and the
verbal autopsy was appropriate (i.e.
under 3 months) was either absent or
unclear in 64% (27/42) of studies. Full
details of the risk-of-bias assessments for
individual studies are available from the
data repository.*?

Discussion

We found that the overall cardiovascular
disease mortality fraction among people
in low- and middle-income countries

Ajay Acharya et al.

aged 15 years or older was 22.9%, and
that the mortality fraction was generally
higher in males than females. Moreover,
the mortality fraction varied with age,
geographical location and the type of
cardiovascular disease. The highest
burden of cardiovascular disease deaths
was reported in WHO’s Western Pacific
Region, followed by the South-East
Asia Region and the African Region.
The cardiovascular disease mortality
fraction was higher in urban than rural
populations in all regions except the
South-East Asia Region. We also found
that the mortality fraction was generally
higher for ischaemic heart disease than
stroke, though stroke deaths were more
common in Africa.

Verbal autopsy is an important
data source for the GBD, which pro-
duces global, regional and national
estimates of the frequency of different
causes of death.! Our review provides
new data on cardiovascular disease
mortality from published verbal au-
topsy studies that may not previously
have been included in GBD estimates,
and which could increase the rep-
resentativeness of global estimates.
Moreover, our review provides data
on rural and urban populations and
on regions where information on car-
diovascular disease mortality is scarce
because there is no adequate death
registration system. The inclusion of
verbal autopsy data from regions and
population groups that are underrepre-
sented in existing global estimates will
help make estimates for these regions
more balanced and accurate. Although
our review did not include data from
the WHO Region of the Americas,
verbal autopsy is not needed in most of
the region because the cause of death
is recorded by medical certification,

Table 3. Cause-specific mortality fraction for cardiovascular disease, by sex and WHO region, systematic review of verbal autopsies in
low- and middle-income countries, 1992-2022

WHO region No. Parameter for people aged > 15 years
Al No. deaths recorded by No. deaths due to Cause-specific mortality fraction
verbal autopsy cardiovascular disease for cardiovascular disease, %
TotaP  Male Female Total Male Female Total Male Female

African02426293132343640 9 39758 20237 19254 5044 2458 2586 12.7 12.1 134
South-East Asia*#642 4 480569 275120 205374 114721 70563 44158 239 256 21.5
Western Pacific*® 1 6298 3781 2517 1656 334 772 263 234 30.7
Total 14 526625 299138 227145 121421 73905 47516 23.1 247 209

WHO: World Health Organization.

¢ For some regions, the total number of participants does not equal the sum of male and female participants because of rounding or reporting errors in individual

studies.
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except in some very remote communi-
ties where verbal autopsy is used (e.g.
in Colombia).®

Although our findings may not be
generalizable to a global or national
level, a comparison with GBD esti-
mates is helpful. Our overall estimate
of the cardiovascular disease mortality
fraction of 22.9% is lower than that
estimated by the 2019 GBD study (the
most recent), which found a cardiovas-
cular disease mortality fraction of 32%
across all age groups globally.! In addi-
tion, our review found a higher cardio-
vascular disease mortality fraction in
males than females overall, which was
not in agreement with the 2019 GBD
estimates.’ Nevertheless, the regional
sex differences in cardiovascular dis-
ease mortality fraction we found in
our review were consistent with GBD
estimates." Our observations that the
mortality fraction for ischaemic heart
disease was higher than that for stroke,
and that the cardiovascular disease
mortality fraction was higher in older
than younger age groups, were similar
to GBD findings.'

The differences between our
review’s findings and GBD estimates
could be due to the lack of gener-
alizability of our study data. Our
review included few studies from
the Western Pacific, Eastern Medi-
terranean or European Regions, or
from high-income countries where
death due to cardiovascular disease
is more common.' In addition, the
studies included in our review mainly
focused on deaths at home, which are
most frequently assessed by verbal au-
topsy. By contrast, the GBD estimates
mortality fractions for all deaths in all
countries and regions.> Moreover, GBD
estimates of the global cardiovascular
disease mortality fraction are affected
by a lack of data from some countries,
notably countries with a high pro-
portion of deaths in the community,
such as those in sub-Saharan Africa
and South-East Asia,” which may
help explain why our cardiovascular
disease mortality fraction estimates
were lower. Our review suggests that
the verbal autopsy method can help fill
gaps in cardiovascular disease mortal-
ity data for low- and middle-income
countries that do not have adequate
vital registration systems, and can be
a valuable tool for identifying different
types of cardiovascular death in the
community.

Bull World Health Organ 2023;101 :571—586' doi: http://dx.doi.org/10.2471/BLT.23.289802

Most studies (32/42) in our review
were surveillance studies and did not
report whether the study population was
comparable with the national popula-
tion in terms of age, sex, socioeconomic
status or any other factor. Surveillance

Systematic reviews I
Verbal autopsy and cardiovascular deaths

studies would be more valuable if they
reported the characteristics of the study
population, which, in turn, would help
establish the generalizability of the
study’s findings. Moreover, to minimize
assessment errors, studies should report

Table 4. Cause-specific mortality fraction for cardiovascular disease, by study setting
and WHO region, systematic review of verbal autopsies in low- and middle-
income countries, 1992-2022

Study setting and WHO No. Parameter for people aged > 15 years

region studies

No. deaths No. deaths Cause-specific
recorded dueto mortality fraction for
byverbal cardiovascular cardiovascular disease,
autopsy disease %

Rural

African262830323435 6 31550 3305 10.5
South-East Asig*! #4445 7 22116 7090 32.1
50,52

Total 13 53666 10395 194
Urban

African” 1 410 91 222
South-East Asia®®*’ 2 2633 688 26.1
Total 3 3043 779 25.6

WHO: World Health Organization.

Table 5. Cardiovascular disease deaths, by age group (15-49 years, 5064 years and
> 65 years), systematic review of verbal autopsies in low- and middle-income
countries, 1992-2022

Study author, country Cardiovascular disease deaths
All age groups® 15-49years  50—64years =65 years

Alam, Bangladesh* 3008 242 559 2167

Ndila, Kenya' 544 64 116 364

Koné, Cote d'lvoire? 25 4 6 15
Mossong, South Africa®® 969 103 230 634

Alam, Bangladesh* 903 86 185 632
Awini, Ghana** 419 53 104 262
Sifuna, Kenya* 398 59 66 272

Total (%) 6266 (100) 611(9.8) 1266 (20.2) 4346 (69.4)

@ For some studies, the number for all age groups also included individuals aged under 15 years.

Table 6. Cardiovascular disease deaths, by age group (15-59 years and > 60 years),
systematic review of verbal autopsies in low- and middle-income countries,

1992-2022
Study author, country Cardiovascular disease deaths
All age groups®  15-59 years > 60 years

Joshi, India*! 431 124 310
Jasseh, Gambia* 196 44 145

Ngo, Viet Nam*® 1656 201 1455
Kalkonde, India*™ 332 100 232
Challe, United Republic of Tanzania* 112 11 101

Rai, India* 685 182 502

Total (%) 3412 (100) 663 (19.4) 2745 (80.5)

¢ For some studies, the number for all age groups also included individuals aged under 15 years.
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Table 7. Cause-specific mortality fraction, by type of cardiovascular disease, systematic review of verbal autopsies in low- and middle-

income countries, 1992-2022

Study author, country? Verbal autopsy findings in people aged > 15 years
Total Stroke Ischaemic heart disease Other and unspecified
deaths (n) cardiac disease
No. Cause-specific No.deaths  Cause-specific No.deaths  Cause-specific
deaths mortality mortality mortality
fraction, % fraction, % fraction, %

African Region (n=13)
Ndila, Kenya' 3310 317 9.6 33 1.0 194 59
Ashenafi, Ethiopia? 1535 64 4.2 30 2.0 69 45
Jasseh, Gambia”® 1619 146 9.0 ND ND 43 2.7
Abera, Ethiopia** 1091 83 7.6 26 24 48 44
Koné, Cote d'lvoire® 375 9 24 1 03 15 4.0
Mossong, South Africa®® 9161 403 44 55 06 509 56
Kynast-Wolf, Burkina 1238 15 12 ND ND ND ND
Faso*
Phillips-Howard, Kenya* 15228 327 2.1 100 0.7 957 6.3
Challe, United Republic 713 41 58 ND ND 71 10.0
of Tanzania*
Awini, Ghana* 2547 219 86 147 5.8 53 2.1
Sifuna, Kenya® 3001 201 6.7 74 25 122 4.1
Walker, United Republic 7629 421 55 ND ND ND ND
of Tanzania*
Fenta, Ethiopia® 7911 81 1.0 ND ND 155 20
Total 55358 2327 4.2 466 0.8 2236 40
South-East Asia Region (n=10)
Joshi, India*' 1251 170 13.6 183 14.6 78 6.2
Alam, Bangladesh* 9777 2144 219 863 8.8 ND ND
Alam, Bangladesh* 2662 569 214 335 12.6 ND ND
Ke, India* 472113 41000 8.7 66000 14.0 5000 1.1
Singh, India“* 2222 175 79 267 12.0 204 9.2
Saha, India®’ 411 ND ND 42 10.2 42 10.2
Wahab, Indonesia® 775 213 27.5 9 1.2 96 124
Rai, India®’ 4140 122 2.9 426 10.3 53 1.3
Kalkonde, India® 1417 229 16.2 69 49 7 0.5
Rai, India*? 2094 558 266 91 43 33 16
Total 496862 45180 9.1 68285 13.7 5513 1.1
Western Pacific Region (n=1)
Ngo, Viet Nam*® 6298 1139 18.1 136 2.2 381 6.0
Total 6298 1139 18.1 136 2.2 381 6.0
Total for all regions 558518 48646 8.7 63887 123 8130 15

ND: not determined.

¢ \We grouped countries by World Health Organization regions.

whether the verbal autopsy question-
naire has been translated into a local
language, and the time delay between
death and the autopsy interview; the
diagnosis is more likely to be correct if
the time delay is short.*

Our systematic review had several
limitations. First, the number of studies
included varied considerably between
regions. In addition, the studies in-
cluded diverse population groups and
involved different autopsy methods.

580

The resulting heterogeneity between the
studies may limit the generalizability
and comparability of our findings at
regional and country levels. Second,
our review calculated the cardiovas-
cular disease mortality fraction only
for individuals aged 15 years or older,
because most studies included in the
review reported cardiovascular disease
mortality in that age range and not in
younger age groups. Although focusing
on older individuals provides valuable

insights into the prevalence of death
due to cardiovascular disease, including
younger individuals would have helped
identify emerging trends and assisted
public health planning. Furthermore,
the variation in age group categories
between studies limited our ability
to achieve a complete understanding
of cardiovascular mortality across all
age groups. Verbal autopsy studies
should publish their results in a greater
number of age groups, as this would

Bull World Health Organ 2023;101 :571—586' doi: http://dx.doi.org/10.2471/BLT.23.289802
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Fig. 2. Risk-of-bias assessment, systematic review of verbal autopsies in low- and middle-income countries, 1992-2022

Bias assessment question

Did the data collectors undergo training?

Was questionnaire translated into a local language?

\Was the recall period (i.e. time between death and verbal autopsy) appropriate?

Was a validated or recognized method used to ascertain the cause of death?

\Was the study instrument that measured the parameter of interest shown to have good reliability and validity?

Was an acceptable case definition used?

Was the likelihood of non-response bias minimal?

Was random selection used to select the sample or was a census undertaken?

Was the sampling frame a true or close representation of the target population?

Was the study’s target population a close representation of the national population?

enable the influence of age on cardio-
vascular disease mortality to be better
investigated. Third, as mentioned, the
generalizability of our study results was
limited because most studies included
were surveillance studies conducted
in one specific geographical area, and
most considered deaths occurring
outside of a health-care setting. The use
of a standardized assessment tool and
cross-validation with other national
and international data would increase
the generalizability of verbal autopsy
study findings to other populations.’
Fourth, as we only calculated the car-
diovascular disease mortality fraction
for verbal autopsy deaths and not for all
deaths, the mortality fraction is likely
to differ from that derived from deaths
in hospital or other locations. Finally,
this systematic review included all data
irrespective of when they had been col-
lected. Although including only recent
studies would have provided the most
up-to-date data on cardiovascular mor-
tality, we wanted our review to include
as many large studies as possible. As the
mortality fraction for cardiovascular
disease has been increasing in low-
and middle-income countries, the use
of more recent data would likely have
produced a higher mortality fraction.
Moreover, newer studies may have
used improved data collection methods
and have been better at attributing the

mm High risk of bias

cause of death to cardiovascular disease.
For example, computer-coded verbal
autopsy has become more popular and
has been shown to be more accurate
for confirming death due to heart
disease than physician-certified verbal
autopsy.®*

The verbal autopsy method also
has limitations. The consistency of the
symptoms reported by relatives dur-
ing the verbal autopsy interview has
been reported as low, especially when
interviews take place a long time after
the death.®® Nevertheless, despite the
low consistency, reported symptoms
were generally sufficient for assigning
the cause of death,” which is important
given that verbal autopsy is only source
of information about the cause of death
at the population level in many low- and
middle-income countries.® Future stud-
ies involving verbal autopsies should
focus on minimizing recall bias by using
validated questionnaires, and should
ensure interviews take place within
3 months of the mourning period.® The
studies in our review used different
methods to ascertain the cause of death,
with nearly half using the physician-
certified method. A previous systematic
review showed that physician-certified
verbal autopsy was relatively poor at
confirming heart disease compared with
computer-coded verbal autopsy, though
it was based on only three studies of hos-

Bull World Health Organ 2023;101:571 —586| doi: http://dx.doi.org/10.2471/BLT.23.289802
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pital deaths.® More data are needed to
understand the performance of different
verbal autopsy methods in confirming
different types of death, especially death
at home. Verbal autopsy findings are
specific to the population or setting in
which the autopsies are conducted and it
is, therefore, difficult to generalize them
to other contexts. Recently, however, ver-
bal autopsy has become routine in some
settings. In particular, it has become part
of civil registration and vital statistics
systems in countries such as Bangla-
desh.” As a result, data on deaths due to
cardiovascular disease and other causes
will become more generalizable. Future
studies using these data could validate
verbal autopsy findings across diverse
populations and geographical areas.

In many settings, the quality of
verbal autopsy data directly affects
health policy. A systematic review of
66 validation studies of verbal autopsy
published in 2022 compared the cause
of death assigned by verbal autopsy to
the cause of death assigned by other
methods such as autopsy diagnosis and
hospital diagnosis.® The review found
that the majority of studies reported an
acceptable level of agreement between
verbal autopsy and the comparison
method as assessed, using measures
such as chance-corrected concordance,
kappa coeflicients, sensitivity, specific-
ity or the positive predictive value.
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Although the review confirmed the
validity of verbal autopsy methods,
it also highlighted gaps in the quality
of verbal autopsy studies involving,
for example, the use of non-validated
questionnaires; the time delay between
death and the verbal autopsy interview;
and problems with the cause-of-death
assignment technique.*

In conclusion, our systematic re-
view provides evidence that the burden

of cardiovascular disease deaths outside
health-care settings is substantial. More
data and research are needed to gain a
better understanding of whether varia-
tions in the cardiovascular disease mor-
tality fraction for community deaths
across regions, subnational populations
and sexes are indicative of health in-
equalities. Future verbal autopsy stud-
ies examining cardiovascular disease
mortality should be more representative

Ajay Acharya et al.

of the national population and should
ensure minimal recall bias. Further in-
vestment to increase coverage of verbal
autopsies in low- and middle-income
countries would help fill gaps in car-
diovascular disease mortality data, and
improve the monitoring of national,
regional and global health goals. l

Competing interests: None declared.

S

izl 50 s gl G (3 ) g 2l bl b & gad) Bos 5915 SR 51 ol 1y LN L gl Jutme

Bl b ke (3 &gl e Y15 LAl ol ol ol
(%24.1) LT G 2 uymwwj‘(%zs 3) tgaldl
oF EU ol i SSls (%12.7) a3 =YL
MK...‘J\ uw\ L3 Jﬁ‘ m)ﬁ.ﬂ\ 4\.&‘5‘}“‘5 ;A.LLH u.p\J.A\
skl c.e d MJJ\ MKMJ\ uw\ d L@..J— mfa,i-\
%69. 4ftqu|rac LGJg..u (%8 7)4.&\.»..0\ FECOm ||
c@fbw\éﬂﬂbﬁ.ﬂ\“)&bdﬂ\f\f\ uL.Bju.A
wﬂ\?\-“’“pﬂ)\:“

ol J).)J\L} w‘ QL;JJ\ usu\ ,)L> ‘g},a.ﬂ\ ie Vs
B35 O] s se 3 claw gl J:'-JJ\) seall =l
M&wuoiu&@x\mg@fm oA ik
uﬂ\%,.w\ y\f\f&w <l uuugu\ﬁm
Al

dongn dax) o tdaw gl J51
G &0 g 2 Sl A Barl e ol 2l 5 A
i il aw gl Al el Al ol J )
el e Y15 LA a1 el e Sl I

5 MEDLINE® @l ael g 3 Eoell Lad 45 k]l
G ol sl ol &‘" Scopus (Embase®
JJU cJ;-JJ\ e A1 Jlly M\ J}m ol JJJJ\
cuu...J‘ C‘JP'-.«..&‘) colal e w;o—bl\ oLl ﬂs
J&&U\uup\wumw Mb,\ﬁ\o;yrﬂm)
4;-};g\ycw\)adﬁmyﬂ\ijjuw\f\f|u.c.s.\.é
w‘u’fﬁfﬁ‘d‘ﬁ;‘@f\b‘wﬁ;‘ﬁ‘ﬂ*UL‘-UJrL‘
4)}».0\4.&‘5&\)

ar g da U 3 L sy dal s 42ty LS okl
o2l oo 2 S U Sl s S el
15 (..A)\;\ d‘ el oes & el z,;,\)\j i
Lo Sy Jel Ll odn <315 .%22.9 » ST Uile
i) el (ST %20.9)UL,‘§\J;(%24.7))}54M
B el oo PN o5 AL Gl dakis Gbls e

mE

RN ERE FIEEHERAOCMERFILTE ©
BHHE B 73t PRI B K B 50 B B o % 24T R 43T
o, DEEQ IR ITF,

Fi% #1711 % 7 MEDLINE®, Embase® F2 Scopus #X 4%
B, VAR E O M SRR LT LA RN E K
PR, FAITFF R XX R RIATT 07K,
RETHEHTETAL T E, RNETEHEIHARIT
BT RFREFRFERTE, BFLEATE
AR, WAl HIEALE Fo8 f i ik % K A 47
TR T,

BR BMNAET 2 THARHFBEEANZL TN, &
s, 15 % KDL EABE QO % K R B A5
MT-FH 229%, B 247%) WER—WA@EAFE T4

R

P (20.9%), BT A 41 4% 3 X B L& AR L
VIR H X (26.3%) REH O MERKF AT FE RKE,
HAEAETHRE 241%) Frde MK (127%). B &
B X DAL, BT A MR A T B0 i R
RTEHEGTRAAD, SR TE (12.3%)
BTHRIATE 87%), LEmE, REWME, 69.4%
B0 o A R ST O 65 % R DL B A B,

it AP RBEANE R, BT E SO gk
WHRT GHEEFEKR, § A EERKILEHEY N E
=00 B AR B THE AN AR R LT E KA A
Bak, AR E R, K fne R EE B AR R,

582 Bull World Health Organ 2023;101:571-586 doi: http://dx.doi.org/10.2471/BLT.23.289802



Ajay Acharya et al.

Systematic reviews I
Verbal autopsy and cardiovascular deaths

Résumé

Mortalité cardiovasculaire déterminée sur la base d'autopsies verbales dans les pays a revenu faible et intermédiaire: revue

systématique

Objectif Mener une revue systématique des études d'autopsie verbale
dans les pays a revenu faible et intermédiaire afin d'estimer la part des
décés causés par des maladies cardiovasculaires.

Méthodes Nous avons exploré les bases de données MEDLINE®,
Embase® et Scopus a la recherche d'études d'autopsie verbale signalant
des décés liés a une maladie cardiovasculaire dans les pays a revenu
faible et intermédiaire. Deux réviseurs ont passé ces études au crible,
en ont extrait des informations et ont évalué leur qualité. Pour chaque
étude, nous avons calculé la part de mortalité par cause pour les
maladies cardiovasculaires, tant de maniere globale qu'en fonction
de I'age, du sexe, de la situation géographique et du type de maladie
cardiovasculaire.

Résultats Nous avons identifié 42 études a inclure dans la revue.
Dans l'ensemble, la part de mortalité par cause pour les maladies
cardiovasculaires s'élevait a 22,9% pour les personnes agées de 15 ans
et plus. Cette part était généralement plus importante chez les hommes
(24,7%) que chez les femmes (20,9%), mais le schéma variait selon les

régions de ['Organisation mondiale de la Santé. C'est dans la Région du
Pacifique occidental que le plus haut taux de mortalité cardiovasculaire
a été observé (26,3%), puis dans la Région d'Asie du Sud-Est (24,1%) et
dans la Région africaine (12,7%). La part de mortalité due aux maladies
cardiovasculaires était plus grande au sein des populations urbaines
plutét que rurales dans toutes les régions, a I'exception de la Région
d'Asie du Sud-Est. La part de mortalité liée aux cardiopathies ischémiques
(12,3%) était supérieure a celle des AVC (8,7%). Au total, 69,4% des
déceés cardiovasculaires ont été constatés chez des personnes agées
de 65 ans ou plus.

Conclusion L'impact des déces causés par une maladie cardiovasculaire
en dehors des structures de santé dans les pays a revenu faible et
intermédiaire est considérable. Etendre la couverture des autopsies
verbales dans ces pays pourrait contribuer a combler les lacunes dans
les données sur la mortalité cardiovasculaire et a améliorer le suivi des
objectifs nationaux, régionaux et mondiaux en matiére de santé.

Pestome

CMepTHOCTb OT CepAevYHO-COCyaNCTbIX 3a6oneBaHNi Ha OCHOBe AaHHbIX Bep6anb|-|0|7| ayToncnmn B CTpaHax
HU3KUM 1 cpegHNM ypoBHEM Aoxopaa: cMcTeMaTyeckui 0630p

Llenb MpoBecTy crctemaTueckinii 0630p NCCeaoBaHmin BepbasnbHbIX
ayTONCUI B CTPAHaX C HU3KMM 1N CPeAHNM YPOBHEM AO0XOAa /14
OLIeHKM AONN CMEPTEl OT CepeUHO-COCYAMCTbIX 3a00NeBaHWN.
MeTopbl bbin nposefeH nouck B 6asax aaHHbix MEDLINE®,
Embase® 1 Scopus no nccnenoBaHnam BepOanbHbIX ayTONCUii
B CTPaHax C HW3KUM W CPeAHUM YPOBHEM [JOXO[a, B KOTOPbIX
CcoobLanoch 0 Cayyasx CMepPTn OT CepAeyHO-COCYAUCTbIX
3aboneBaHwi. [1Ba pelieH3eHTa 0ToMpani MCCNeaoBaHwA, 3BneKanu
[AHHbIE 1 OLEHVBANM KauyecTBO MCCNedoBaHWi. 1o pesynbtatam
KaXAoro MccnefoBaHuna Gbina paccumtaHa Aons CMepTHOCTU OT
CepAeyYHO-CoCyaAnCTbIX 3ab01eBaHNiA, 00YCOBNEHHaA KOHKPETHOW
MPWUYMHON, KaK B LIeNIOM, TaK U B 3aBMCUMMOCTM OT BO3pacTa, Nona,
reorpadunueckoro nonoxeHusa 1 TUna cepaeyHo-CoCyamncToro
3aboneBaHuA.

Pe3ynbtatbl boino onpeneneHo 42 NCCNeA0BaHWA 41A BKIIOYEHNA
B 0630p. B Lenom oA CMEPTHOCTH OT CEPAEYHO-COCYAUCTBIX
3ab0neBaHWiA, 06YCNIOBNEHHAA KOHKPETHOW MPUYWHON, Coeav niofei
B BO3pacTe 15 neT 1 CcTaple coctaBuna 22,9%. Kak npasunio, 31a
nons 6bina Bbille Y My>K41H (24,7%), dem y xxeHtnH (20,9%). OaHako
B Pa3HbIX PervoHax BcemmpHOM opraHmsaummy 3apaBooOXpaHeHna

OHa Obina pasHon. Caman BbICOKas A0S CMEPTHOCTU OT CEpAEUHO-
COCYAMCTbIX 3ab0neBaHui Obina 3aperncTprMpoBaHa B pervoqHe
3anagHow YacT Tuxoro okeaHa (26,3%), 3a HUM CrefytoT pernoH
tOro-BocTouHon A3nun (24,1%) v pervioH Adpukn (12,7%). Nona
CMEPTHOCTY OT CepAeYHO-COCYANCTbIX 3ab0neBaHNI Obina Bbille
cpeau ropofCKOro HaceneHusa No CPABHEHMIO C CENIbCKMM BO BCEX
pEervioHax, 3a UcknodeHnem perviona toro-Boctouron Asmn. lona
CMEPTHOCTU OT Ulemmyeckor bonesHu cepaua (12,3%) npesbiwana
[OM0 CMEPTHOCTM OT UHCYAbTA (8,7%). B Lenom 69,4% cmepTeit OT
cepaeyHoO-COCYANUCTbIX 3ab0neBaHnii NMPUXOAUIOCh Ha Nofel B
BO3pacTe 65 neT u cTaplue.

BbiBoA B CTpaHax C HU3KMM 1 CpPefHMM YPOBHEM AOXO4a YMCIO
CMepTel OT CepAeUYHO-COCYANCTbIX 3a00NeBaHNI BHE MEAVLIMHCKIX
yUpexneHnn ABNAeTCA 3HaunmTeNbHbIM. Paclwmperre oxsaTta
BepbanbHbIMY 2y TOMCUAMM B STVIX CTPAHaX MOMET MOMOUYb 3aMONHUTL
npobentl B AaHHbIX O CMEPTHOCTW OT CEPAEYHO-COCYAUCTLIX
3aboneBaHNnii M CNOCOOCTBOBATL YAyULIEHNIO MOHUTOPUHTIA
HaLMOHabHbIX, PErMOHaNbHbBIX 1 rNobanbHbIX Lenel B 06nactu
30PaBOOXPaAHEHNA.

Resumen

Mortalidad por enfermedad cardiovascular y autopsia verbal en paises con ingresos medios y bajos: una revision sistematica

Objetivo Llevar a cabo una revision sistematica de los estudios
sobre autopsias verbales de paises con ingresos medios y bajos para
estimar la proporcion de fallecimientos causados por enfermedades
cardiovasculares.

Métodos Buscamos en bases de datos como MEDLINE®, Embase®
y Scopus para acceder a estudios sobre autopsias verbales de paises
con ingresos medios y bajos que hubieran registrado fallecimientos
causados por enfermedades cardiovasculares. Dos revisores analizaron
los estudios, extrajeron datos y evaluaron la calidad de dichos estudios.
Calculamos las fracciones de mortalidad por enfermedad cardiovascular

como causa especffica en cada uno de los estudios, de manera general
ysegun laedad, el sexo, la ubicacion geograficay el tipo de enfermedad
cardiovascular.

Resultados Seleccionamos 42 estudios para incluirlos en la revision.
En general, las fracciones de mortalidad por enfermedad cardiovascular
como causa especifica en personas con una edad de 15 afios o superior
fueron del 22,9%. Por lo general, esta fraccion fue més elevada en el caso
de los hombres (24,7%) que en el de las mujeres (20,9%), pero el patrén
varié entre las diferentes regiones de la Organizacién Mundial de la
Salud. Lafraccion més alta de mortalidad por enfermedad cardiovascular
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se registro en la Region del Pacifico Occidental (26,3%), seguida de la
Region de Asia Sudoriental (24,1%) y la Region de Africa (12,7%). La
fraccion de mortalidad por enfermedad cardiovascular fue mas elevada
en las poblaciones urbanas que en las rurales en todas las regiones,
excepto en la Regidn de Asia Sudoriental. La fraccién de mortalidad
por cardiopatia isquémica (12,3%) fue superior a la de ictus (8,7%). En
general, el 69,4% de los fallecimientos por enfermedad cardiovascular
se registrd en personas de 65 afios 0 Mas.

Ajay Acharya et al.

Conclusion La carga de fallecimientos por enfermedad cardiovascular
fuera de los centros de atencién sanitaria en los paises con ingresos
medios y bajos es considerable. El aumento de la cobertura de las
autopsias verbales en estos paises podria ayudar a subsanar la falta de
datos sobre mortalidad por enfermedad cardiovascular, y mejorar el
control de los objetivos de salud a nivel nacional, regional y mundial.
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